Valuing beach ecosystems in an age of retreat
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ABSTRACT ADDITIONAL KEYWORDS: Beach,
California’s coast is eroding, along with its iconic sandy beaches. As a result.ettasystem services, coastal armoring,
pressure for already extensive coastal armoring of these dynamic shoeelinagplacement cost, o sets, mitigation,
increasing. Beach loss will accelerate with sea level rise, as will the rate of armaréag)evel rise, erosion, restoration,
unless checked by major public policy initiatives. To ames&nctional beach | coastal processes, non-market
ecosystems for the public good, adaptation strategies need to include preseryatidumation, ecological economics.
of shorelines without armoring and the restoration of natural coastal processes. As . .
in many other ecosystems, investigations of the full value of ecosystem serv Cg@agpscnpt Sme'ttEd_ 25 June 2018,
intact dune-beach-surf zone systems and the development of protocols for r br&g&sed and accepted: 26 October 2018.
measurement of indicators of those services are incomplete. Consequently, valuation
of the ecological functions and services (except for storm bu ering and recreatiespurces for declining and endangered
of beaches are rarely applied to mitigate for armoring projects. To move forwaéldlife, such as shorebirds and pinnipeds
in developing viable approach for mitigating the increasing losses to sandy b@dchachlan and Brown 2006; Hubbard
ecosystems associated with the multitude of coastal armoring projects on openaighgdugan 2003; Schlachetral.2014,
sandy shorelines, we considered several economic valuation methods and suggétntiget al.2014).
ecosystem replacement cost should be co_n5|dered as part of any mitigation strat tause of the visual appeal, many
Using this framework, we propose a mitigation system for shoreline armoring pr018§ tines have been developed for
that is: 1) intended to minimize long term loss of the resources and services of : :

) ; . ntial or commercial purposes.

beach ecosystems, 2) based on simple metrics, 3) easy to interpret and apply,.lzbn

capable of being used in conjunction with a mitigation banking system rbtect coastal development from
P 9 J 9 g sy ) waves and erosion, the shoreline is 0 en

armored with hard structures, such
Prched on the edge of land and sebuilding. ese characteristic dynamics as seawalls and revetments (Gittman
n

andy beaches are widely recogand landscape scale impacts have iret al. 2015). For example, in southern
ized as important economic andportant implications for the conservationCalifornia, about a third of the coastline
recreational assets that provide billionand management of beaches as intabas been armored (Griggs al.2005).
of dollars in revenue and are economifunctional ecosystems. However, seawalls, revetments, and
drivers for coastal tourism and real estate Beaches provide an arrav of im ortan?ther armoring structures have caused
values worldwide (e.g. see King 1999; Kin loqical fﬁnctions and Zervicgs tha§ignificant loss of beach ecosystems
and Symes 2004). Beaches are belove é? 9
residents and tourists for the many cuitur

not provided by anv other ecosvs” the state. By fixing the shoreline,
P y any y armoring traps beaches between land
al, aesthetic, and leisure experiences thg Odiversity and ecological functionsand sea creating a classic example of
o er, but the ecological values of thes d resourZes su orteg by sand beacﬁaStal squeeze. e rigid line in the sand
unique coastal ecosystems have receiv%@OS stems are (?gn un de);-a ré’ciate(éreated by armoring severely limits the
far less recognition (Defeat al.2009). y . : P ability of beach ecosystems to adjust to
compared to their socioeconomic, recre . "
. : changing conditions, accumulate sand,
Sandy beach ecosystems are highly dstional, and cultural values (Schlacker ; . ) .
; . . — .. provide recreation and support intertidal
namic, with the sand moving constantlyal. 2007, 2014). However, the biodiversity. ~ . : L
. o) : iodiversity and wildlife (Dugart al.
as a result of tides, waves, storms, amdhd the intrinsic ecological roles an X
. 018, Melius and Caldwell 2015).
other processes (McLachlan and Browfunctions of sandy beach ecosystems are
2006). Sandy beaches come in all shaped provided by any other coastal eco e disappearance of sandy beaches
and sizes, and all types naturally widegsystem. ese vital roles and functions following placement of coastal armoring
and narrow due to seasonal cycles dficlude rich invertebrate communitiesis a signi cant loss for both recreation
deposition and erosion and in responsand food webs that are prey for birdand ecosystem function. Economists
to storms, oceanographic conditions, andnd fish; buffering and absorption ofhave developed a fairly wide array of
watershed processes. Natural geologicave energy by stored sand; Itration ofechniques for valuing recreation on the
processes on sandy beaches can be kacge volumes of seawater; detrital andoast. Since beaches in California are free
celerated or altered by human activitiesyrack processing and nutrient recyclingby law, economists estimate the value of a
such as coastal development and daand the provision of critical habitat andbeach visit as equivalent to the “willing

ar
m (Schlacheet al.2007). e unique
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HIGH TIDE STRAND

Fundamentally, the ecological
components (habitats, communities,
individual species) and functions of
sandy beach ecosystems are unique and
irreplaceable (Schlachet al.2007;
Duganet al.2010). ese components
are not found in or provided by any other
coastal ecosystem. Characterized by
unconsolidated sand, a lack of attached
intertidal plant life, and highly mobile
animals, sandy beaches represent an
unusually dynamic coastal habitat. e

s it WATER distinctive mobility of the intertidal
Upper — BERM O’I“'::'éim SURF | animals and of the sand itself mean that
Intertidal e Mid: Intertidal | ZONE concepts of intertidal zonation commonly

o R applied to other more stable shore types
B - — — intertidal cannot be applied to sandy beaches
Water Table m,m,;_,\m_ﬁ\ (Duganet al.2013). On beaches intertidal

Sand ———__| animals have to move (swim, crawl,
run, hop, or surf), then burrow rapidly,
to adjust to ever-changing conditions
Figure 1. lllustration of the major beach zones and dynamic ecological of waves and tides and shifting beach
IHDWXUHV RI VDQG\ EHDFKHYV RQ D EOX+¥ EDFNHG EHpéIss. &HigHRhebikt otbeathefRend W\
%HDFK 6DQWD %DUEDUD &DOLIRUQLD 3KRWR -HQQ®HeirehBchhic inteftidaltahihtald Eredtes
6WUDQG :72 :DWHU 7DEOH 2XWFURS challenges for rapidly characterizing the
ness to pay” for the visit. However, manprovides for preservation and resterabiota and habitat conditions. However,
policy-makers have struggled with howtion of intact beach ecosystems as wehle different habitat zones of beaches
to value the wide array otherecosys as recreation. We propose a mitigatiomre used by characteristic mobile biota,
tem services and functions. To conserv&ystem for armoring projects intended tawvith numerous species adapted to this
fully functioning and self-sustaining result in no net loss of beach ecosystedynamic sandy environment, including
beach ecosystems for the public goodesources and services, based on simpi®le crabs and clams in the wave wash,
adaptation strategies need to incorporatmetrics, easy to interpret and apply, an@olychaetes and isopods in the mid-beach
preservation of shores without armoringcapable of being used in conjunction wittand direct-developing invertebrates on the
and the restoration of natural coastah mitigation bank. upper dryer beach near the high tide line,
processes. As in many other ecosystems, RATIONALE with a zone of pioneering coastal strand
investigations of the full value of ecosys Beach ecosvstems and economics vegetation above that (Figure 1). Many
tem services of intact dune-beach-surf Californias geaches SUDDOIt SOme 1horebirds forage along the high tide line,
zone systems and the development % highest intertidal bi dpp it Sh stranded macrophyte wrack, and in
protocols for robust measurement of in € highest intertidal bIOIVETSILY, Pro o \ave wash along with roosting on the
dicators of those services are incompletgycuv'ty’ abundance and biomass eve per beach. A variety of surf zone sh,
As a consequence, mitigation for coast ported for beach ecosystems glo_balr urfperches, corbina, sharks and rays)
armoring is likely to understate or under ! ugan et al.2003). This biodiversity Ee sandy intertidal invertebrates as prey
§

estimate the full ecological functions an(!inCIUdeS humerous endemic species ugan and Hubbard 2016). Birds, such

services of beach ecosystems. p_Ian_ts and anlmals, Species O.f SPECIZ the threatened Western Snowy Plover
signi cance, marine mammals, migratory

e value of intact functional ecosys birds, and endangered species that d%ngt er]]?ﬁg?seer?ﬁ e%&(l:lgi?:rkgl?)nl_igztrl-(r:%rgs't

tems is much greater than the sum of thpend on sandy beaches as critical habi :

parts. For this reason, adaptation stratgDuganet al.2003; Hubbard and Dugantgs?;ﬁ%ﬁi?ggg;g&ergffe?ﬁs E?\;re]ziﬁed
gies should seek to conserve entire coastal03; Schlachet al.2014; Martin 2015; mammals. and beach-nesting sh. such as
ecosystems as much as possible. Projec&chooleret al.2017; Dugan and Hub o . g sh :

X . . . . the California Grunion lay their eggs in
losses of sandy beaches in California apard 2016), for reproduction, foraglng,nests in the warm damp sands of the upper
substantial (Vitousekt al.2017), creating and resting. All of these biota and funcbeach (Martin 2015: Il?aoberm al. 2007:
an urgent need to develop ecologicallgions can be signi cantly impacted byJohnsonet 12009 l\’/lartinet al 2(')13) '
sound and sustainable policies for mitishoreline armoring (Dugast al.2018). ' ' ' '
gation and restoration to conserve sandespite the fact that the adverse e ects of Here we outline an approach that

. p . .
beaches as intact ecosystems. To madteoreline armoring on the beach animals;ould be used to address the mitigation
progress in mitigating the increasingplants, food webs, and habitats have beeh adverse ecological e ects caused by

Ppla . .
losses to sandy beach ecosystems assesported for California beaches and elseshoreline armoring on sandy beach
ated with coastal armoring projects wavhere (e.g. Dugaat al.2008; Jaramillo ecosystems using California as a case
describe a case study for California thadt al.2012), these ecological impacts hawtudy (CCC 2015). As defined by the
developed a metric for mitigation thatnever previously been monetarily valuedCalifornia Environmental Quality Act
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7TDEOH similar type of ecosystem to compensate
6DQG\ EHDFK HFRV\WVWHPYV VHUYLFHV E\ XVetatDOXH fungte lassrob habitad.RFor example,

LUHEW oocLifppyarea of wetlands is lost due to
6DQG\ EHDFK HFRV\VWHP VHUYLFHYV X virumarcdemelopment, @i the proposed
Sediment storage and transport; X mitigation involves creating a new
:DYH GLVVLSDWLRQ DQG DVVRFLDWHG EXiHULQJ DJDMMe@an® or restoring or improving

extreme events (storms, tsunamis); X another existing wetland. O en, these
Dynamic response to sea level rise (within limits); X offsets include ratios to determine a
Breakdown of organic materials and pollutants; X ratio of equivalency. For example, if one
:DWHU ¢ OWUDWLRQ DQG SXUL¢(FDWLRQ were devising an o set;for the loss of a
Nutrient mineralization and recycling; X highly functioning 10-acre wetland, the
Water storage in dune aquifers and seawater o set would likely require a much larger

discharge through beaches — beaches with dunes only X newly created wetland. For wetland
Maintenance of biodiversity and genetic resources; X restoration, it is common to use a 3:1 or
1XUVHU\ DUHDV IRU MXYHQLOH ¢(VKHV 4:1 ratio of equivalency, at least in part
Nesting sites for turtles and shorebirds, and because a newly formed wetland o en

rookeries for pinnipeds; X has lower ecological function than a well-
3UH\ UHVRXUFHV IRU ELUGV ¢(VKHV DQG WHUUHVW lektBiflistied v&tlgnd! k& process involved
Scenic vistas and recreational opportunities; X in determining offsets is presented
Bait and food organisms; X schematically in Figure 3.
. Queter and Lavore (2011) provce

2 COMPrehensive overview of the use of
common and important beach specieknowledge of ecosystem services is quitesets when mitigating for projects that
(e.g. shorebirds, sand crabs, etc.). Secofithited. ey also indicate that although impair ecosystem function and discuss
the relationship between the quality andnany studies value small changes ispeci c mechanisms used to evaluate an
size of beach habitat and the abundance gffeci c components of ecosystems, onecosystem and ecosystem service losses.
these species is highly variable due te eaannot necessarily extrapolate from thoseor example, species richness or some
system dynamism. Quanti cation would changes to a larger scale. other measure of biodiversity is 0 en
require quite extensive and expensive De nina EFGS in spatial terms used for o sets but this o en does not
biological/ecological studgonsequently, Anoth 9 tential P o val capture the complexities of biodiversity
many of the ecological services provided nother potential way to value €COSYSand community composition. Table

by beaches are not valued and in practictgm functions and services from beache§ provides an analysis of a number

economic analyses of beaches o en foct@d otf;eortri::rbltztolss ?{iaals?r:%rt]ri\ézll;is bgf specific offset systems used by
exclusively on recreation or storm damag rea o geosp p

ostanzzet al.(2006). Using an anal Sis%_fovernment agencies from many di erent
prevention. of 94 eer-re\}i(ewed : a erg and six il)th countries and jurisdictions. Although
I . * P . pap . § e techniques vary, some general trends
When weighing options for adapta studies to estimate the economic valuesg be identi ed. First t of th
tion to sea level rise, however, thesseven types of biomes including beach n e ldentl ed. Frst, most of ese
seldom valued consid,erations rr’1a bend the cumulative ecosystem services?ﬁeChamsms require that an ecosystem be
. y . y P@, laced by a (roughly) similar ecosystem,
important. In these analyses, beachedew Jersey, he estimated that New Jerseé( tlands should b laced bv oth
are typically compared to seawalls doeaches deliver $42,147 per acre per y&a., o oo o 1oL A DeTEpiaced by other
other coastal armoring structures. e in economic/ecolo ic’al services Howeve?v tlands. In addition, some of these
9 ) . gic ' ‘Thechanisms require explicit outcomes,
bene ts of a beach are o en measuredt should be emphasized that, once agait f pred d criteri ;
in terms of gains in beach recreatiorCostanza’s estimates only consider twIn terms of prede ned criteria, speci ¢
. ; o ) ) ) %enchmarks, and allowances for time.
with beach lling with imported sand, ecological goods: beach recreation an
whereas the loss is measured as lossstdrm-damage prevention. While these In the U.S., Habitat Equivalency
beach recreation if and when the beadypes of studies can be useful in the adnalysis (HEA) provides a methodology
erodes to the point where recreation igregate, these metrics do not necessarigsigned to estimate o sets to ecosystem
diminished. However, seawalls and othesrovide managers with a framework fodamages from human activity. HEA
coastal armoring structures signi cantlyuse in preserving key habitats, biodiversitiias been applied to damages to beach
diminish the habitat quality, biodiversity or ecological functions of a speci ¢ beaclecosystems from oil spills and, in
and ecological functioning of beacli®es or ecosystem. Also, as discussed belqgwinciple, could be applied to mitigation
many important ways, and economistshe use of area is also an imperfect metrfor shoreline armoring. However, HEA, as
have not previously developed a robusb estimate the functioning of a beactcurrently applied has a few shortcomings.
and applicable method to estimate thecosystem. First, it is often quite expensive since
losses in ecological functions involved. HEA is typically applied in cases that are

O sets - . |
: . . litigated heavily. Second, in some cases,
Barbier et al.(2011) also examined O sets are commonly used to mitigate, ;2 VIY.

: ; . . "HEA allows damages to be remediated
a variety of ecosystem services for efor the loss of ecosystem services provid

. ; . : th different in-kind (out of kind?
tuarine and coastal habitats, includingy wetlands and other ecosystems (Tah ervices if beach resto(ration is deer)ned
beaches. ey point out that our current 2). Briefly, offsets create or restore Rot feasible. For example, mitigation
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7TDEOH
23VHW PHFKDQLVP IRU HFRV\VWHPV FXUUHQWO\ LQ SODFH

$ 7DUJIHW & 7HPSRUDO
FRPSRQHQWV RI ELRGLYHUVLW\ % ,QGLFDWRUYV G\QDPL
OHDVXUH 2XW RI
RI ORVVHV NLQG RtiVHWYV 2QH RU %HQFK /DQGVFDSH
DQG JDLQV SRVVLEOH" 3UHGH¢{QHG VHYHUDO PDUNV FRPSRQHQW %l
Wetland mitigation ~ Wetlands
methods (USA) (area x score) N Y Several Y Y Current N N
UMAM (USA) Wetlands
(area x score) N Y Several Y Y Current Y Y
HEA/REA (USA) DSAYs Y N Single Y N Projected Y N
Conservation/ Protected
bio-banking species
(USA & Australia) (credits) N N Single  Y/N Y/N Current N N
Habitat Hectares Native vegetation
(Australia) (area x score) N Y Several Y Y Current N N
Ausgleich Protected species
(Germany) and habitats
(area x habitat type) N N Several N Y/N Current Y Y
Biotopwertverfahren Undeveloped land
(Germany) (area x score) Y Y Single Y N Current N N
Natura 2000 (EU) Integrity of the
Natura 2000 network N N Several N Y Current N N
2fVHW UDWLRYV BURWHFWHG VSHFLHV
(France) and habitats (area
x habitat type) N Y Single N N Current N N

. _____________________________________________________________________________________________________________________________________|]
for a loss in beach ecology may be
replaced by an increase in coastal zone
camping availability or playgrounds. is

provision brings one right back to the
problem that ecological components of
sandy beach ecosystems are not valued
in and of themselves.

In addition, the use of HEA or other
0 set mechanisms for beach ecosystem
services is often limited by a lack of
baseline information. Sandy beach
ecosystem functions, goods and services
do not usually meet all of the four basic
requirements to conduct HEA: 1) that
the primary services are not necessarily
biological; 2) that one can quantify in
some way the lost EFGS; 3) one can
estimate the recovery rate (e.g. post sand
replenishment); and 4) a suitable site fo) LI XUH OHWKRGRORJ\ IRU FUHDWLQJ RfVHWV 4XHWLHU
restoration exists. SURYLGHV D VFKHPDWLF GHSLFWLQJ WKH SURFHVV LQYRO

. currently in use for other environmental mitigation.
e impacts to sandy beaches can be

broken down into several components(Peterson and Bishop 2005; Petersbn recovery rates from impacts with any
(a) the area lost by the armoring structural. 2006, 2014) and any other negativeon dence. Suitable sites for restoration
(o enreferred to as “placement loss”); (b)e ects from common beach maintenancef beach ecosystem services could include
the consequent narrowing of the beachctivities (Dugaret al.2003; Martiret al. the beach that is being adversely a ected,
in front of the armoring structures; and2006; Schoolest al.2017). or nearby beaches, ideally located in the
(c) the reduction in sand supply from the same littoral cell.

armored backshore. I beach nourishy o &1 ot SIC R ATEIE TN ek t approach
ment, or the addition of groins or other y € 0 Set approac

ancillary structures is involved, then theo.f robust estimates of the ecologicat ser and recreational value

losses to be mitigated should include bothices of the majority of beaches precludes Any o set approach must also account

short-term habitat loss (e.g. from burial)z?lgggﬂ? (i)cr;qlusagrtciyggg ?OSST glr%\r/?c?;i(j UO? r the Ir ec:ﬁatlc():nzit_lfvalge gf be(;lclh%s. For
as well as any long-term habitat alteration 9 P xample, the Callfornia Loastal Lom
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7TDEOH
6XPPDU\ RI WKH VWUHQJIJWKY DQG ZHDNQHVVHV RI YDULRXV RfVHW DSSURDFKHV LQ |

$SSURDFK 2SSRUWXQLWLHV &RQVWUDLQWYV 3RVVLEOH X
&LUFXPVWDQWLDO 6SHFL;FLW\ WR WKH ORFDO +DUGHU WR SURFHVV IRU
reasoning ecological context environmental authorities priorities such as rare or

(problem-solving approach) endangered species, priority

habitat types, etc.

¥ )JUHHGRP WR GHYHORS RU +HWHURJHQHRXV GDWD /IHVV WUDQVSDUHQW DC
use appropriate indicators sources can be used harder to communicate contexts where standardized
and scoring methods to stakeholders methods are not applicable
¥ 7KH FRPSOHWH UHDVRQLQJ /IRFDO H[SHUWLVH FDQ SBHTXLUHV PHWKRGROR
must be presented and compensate for a lack developments with of standardized methods
MXVWL{HG HJ UHIHUHQFHYV RI TXDQWLWDWLYH RU FRUUHVSRQGLQJ WLI
and benchmarks, model measurable data budget, as well as
SDUDPHWHUV (HOG GDWD DGGLWLRQDO GDWD

Makes innovative Not easily comparable Examples include German

actions easier between projects Ausgleich and Natura 2000

procedures in Europe or Habitat
banking in the USA

Not transferable between
projects (hence no accumulation
of know-how) and thus less predictability
RI RIfVHW UHTXLUHPHQWY IRU GHYHORSHUYV

6WDQGDUGL]HG Ease of use and Requires consensual Habitat types, species’ habitats
scoring method transparency references and guidelines and ecosystem properties or
WKDW DUH FRPPRQ DFURVYV IXQFWLRQV IR

projects (for a given recurring impacts (e.g. wetlands)

target component of and for which a scoring system

biodiversity) has been agreed upon by

environmental authorities
¥ ,QGLFDWRUY DQG VFRULQJ &RPSDUDELOLW\ EHWZHHQ /ILPLWHG FKRLFH RI
PHWKRGYV DUH SUHGH¢{QHG SURMHFWY ZKLFK PDNHV LQGLFDWRUV Rf WKH
IRU LPSDFWV RQ D JLYHQ FXPXODWLYH HfHFWYV WKDW PD\ RU PD\ QRW E|
target species, habitat easier to assess appropriate to the local can be considered as allowing
W\SH HFRV\VWHP HFRORJLFDO FRQWH[W RI D OLNH
function, etc. project impact (see third approach below)
¥ 9DOLGLW\ DQG /IRZHU OHJDO ULVNV 2SWLRQV IRU PRGXODWLQJ
UHSURGXFLELOLW\ RI RfVHW VL]H DFFRUGLQJ WR Zt
indicators and scoring local context must be methods in the USA or the
PHWKRGV PXVW EH WHVWHG DQWLFLSDWHG DQG MXVWL{HG
developed in Australia

¥ ,W UHPDLQV HVVHQWLDO WKDW 'HSHQGLQJ RQ WKH VHOHFWLRQ
RiVHW VL]H FDQ EH RI LQGLFDWRUYVY DQG VFRULQJ
PRGXODWHG DFFRUGLQJ PHWKRGV RifVHW UHTXLUHPHQWYV
to local context (uncertainties, can be easier to predict in
cumulative impacts, etc.) early project phases
cumulative impacts, etc.)
¥ 6WDQGDUGL]HG 8a&niE@dvaniages as the Requires an accepted Species, habitat types or

PHWKRG DQG OLN Htdrifdtdized point-based correspondence scale between ecosystem functions that
VLPLODU FRUUHYV Ssyge@saBdvel with also: target species, habitat types, have low priority status but
HFRV\VWHP IXQFWLRQV HWF DQG IRU ZKLFK
hence an established hierarchy nevertheless required
of nature conservation priorities
that does not vary between projects

$+ ,.QGLFDWRUV DQG VFRULQJ $OORZV OLNH IRU VLPLODU 7KH ORFDO HFROR
PHWKRGV DUH SUHGH¢QHG RfVHWWLQJ DQG WUDGLQJ XS PLJKW RQO\ EH WD
IRU LPSDFWV RQ D JLYHQ ZKLFK JLYHV DXWKRULWLHYV DQG DFFRXQW VXSHU¢F
WDUJHW VSHFLHV KDELWDW W\SH GHYHORSHUV PRUH AH[LELOLW\

HFRV\WWHP IXQFWLRQ HWF LQ GHVLJQLQJ RtVHWYV W

these species or habitat types)

f 6FRUHV IRU GLtHUHQW WDUJHWYV
are made comparable using a Examples include the German
common correspondence scale Biotopwertverfahren

¥ ,W UHPDLQV HVVHQWLDO WKDW RiVHW

size can be modulated according

to local context (uncertainties,

cumulative impacts etc.)

. _____________________________________________________________________________________________________________________________________|]
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mission recognizes that loss of recre7D E O H
ational value due to armoring must be3UHGLFWHG HFRORJLFDO HftHFWV Rl VKRUH SDUDOOHO DU

mitigated! One possible criticism of the
approach suggested in this paper is thaﬁv EHDFK ZLGWK QDUURZV LQ UHVSRQVH WR DUPRULQJ VW

if recreation, or any other impact (e.g.,” Upper intertidal, supralittoral and coastal strand zones are lost disproportionately.

sand supply) is mitigated in addition» /RVV RI VDQG WUDSSLQJ FRDVWDO VWUDQG YHJHWDWLR(
to replacement cost, then policy mak and retention, reducing the formation of hummocks and dunes that can provide

ers are overstating the actual loss. is protection during storms and high surf.
9 ’ /IRVV RI GULHU XSSHU EHDFK ]RQHVY GHFUHDVHV QXPEHU

over-estimation is o en referred 0 as” h oG ExtHU VSDFH IRU PLJUDWLRQ Rl LQWHUWLGDO KDEL
double-counting. Fet. al(2010) address  changing ocean conditions.

this issue speci cally and make a_numbe,; Reduction in habitat types reduces diversity and abundance of endemic biota.

of suggestions to minimize the issue of ;pyy R| XSSHU EHDFK KDELWDW HOLPLQDWHV QHVWLQJ L
double counting. In particular, they call ¢VKHV ELUGV PDULQH PDPPDOV

for establishing consistent classication 7k H DEVHQFH Rl KLJK WLGH UHIXJLD DOWHUV ORZ WLGH
systems for ecological functions, goods, low intertidal zone biota, such as sand crabs.

and services. One possible approach to /DFN Rl GU\ VDQG KDELWDW DQG LQFUHDVHG ZDYH UHAH
the issue of double counting is to assign structures alters deposition and retention of sand and buoyant materials, such

a fixed percentage (0%-100%) of the DV P_DFURSK\WH ZUDFN IXUWKHU DfHFWLQJ EHDFK ZLGW
EFGS, and apply this same percentage Shore biota and processes.

to the restoration costs, The Natures Intertidal predators, such as shorebirds, decline in response to a combination

Conservancy (2016) employed this ap ;);‘Shoibriézgloss, decreased accessibility at higher tides, and reduced prey

proaCh in asseSSing the eCOlOgical Val—
of beaches in southern Monterey BHya

speci c project is proposed as mitigationarmoring. is framework is intended ecological guidance or goals that are
policy makers could also use potentiab provide a starting place for improvingrequired standards in restoration projects

recreational o sets as well in the projectecological valuation of beaches. for other coastal ecosystems, such as
However, we believe that any policy seagrass beds or wetlands (Lawrenz-
regime mitigating for coastal armoring Miller 1991; Peterson and Bishop 2005;
should consider recreation and the othe Petersonet al.2006; Violaet al.2014).

Valuation methods traditionally
Provide results expressed in quanti abl

EFGS separately. I(JQ';S’ :gf:s? Socruirrr]eg%ée'igérjfggt‘eirte@each lling projects are expensive and
APPROACH su'cr; as Ioss, of a numbe? or biomass?1 ve also proven to be s.hort—lllved n
Ecological valuation method specific guilds, groups, or individual any sections of the Callforma} coast
: : . Ry . ' h t'hese units Coéﬁrlggset al.2005). Sand supplies are
In this section, we articulate a eonspecies. For beaches, hidly becoming a limiting factor for

Cemelopmont of an ecological valyatioon an armored beach. se Iosses may1eSe Prjects (Pikey and Cooper 2014)
evelopment ot an ecological valuatior . . : Mo address these issues we propose the
method by applying a case study of rénclude immediate loss of beach undeélevelo ment of a more ecoloqicall
t restoration projects in Californiathe armoring structure (placement loss) . . ogically
cen ! . Sensitive and sustainable approach to the
beaches. e goal is to develop a methodsubsequent loss of beach habitats ar}§ . .
: . . . . restoration and mitigation of losses of
to estimate the value of the ecologicalegraded habitat quality due to erosion :
; - o andy beach ecosystems resulting from
components and functions of a beacltaused by fixing the position of the .
. . " coastal armoring.
ecosystem that are impacted or lost due &horeline, reduced deposition of new
speci ¢ changes to the beach and coasteénd via littoral transport caused by As with all other types of coastal
processes resulting from the installatiotoss of space for that sand deposition twetlands, the goal for beach ecosystems
of shoreline armoring. Our analysis wagccur, prevention of sand inputs suppliecheeds to be no net loss of habitat. To
an interdisciplinary e ort between ecelo by bluff erosion, and the progressivelate, there has been substantial loss and
gists and economists, assisted by -enddss of beach area, habitat quality anlagmentation of the nite and decreasing
neers experienced in coastal processascommodation space from sea level riggalifornia beach and dune ecosystems
and projects, and represents the rst stepggainst a xed back beach. as a result of coastal development and
in establishing a conceptual framework other human impacts (Dugaet al.2003;
that will allow valuation of the ecological . " = " " o IOsseDugan and Hubbard 2010a; Griggsal.
losses to beaches resulting from coastal "~ "\ |gn Cgliforni;)(\}itousek al 2005; Ormet al.2011; Pilkey and Cooper
: cF(OM). is has adversely impacted the

Ecological valuation

1) For example, see California Coasteégﬁzg g1ned nseuestia:[i?];;\éelmoi[ii;;::i)(l)(?]ggre]ll cological functioning of beaches and
\ he viability of populations of vulnerable

,S\Snn;?ésnif:t’ Egg-%f-ssgll?-nlaG%%aécoh-1M?ﬂLeStorr]ation prtojetcts to c?nser.ve San(fisleach—dependent organisms particularly

May 2017) thiapc)agf 2;:3 Sf’:l Ciﬁzﬁf:nﬂsbfa%rﬁ?ﬁ]nagthese impacts accumulate over time in
; / ' each ecosystems (e.g. al.2009,

D o e e B s athen thaprolects have o en been called “beac ubbardet a¥2014) I(mgaclzt)ﬁclude loss

EFGS would be applied to EFGS other th ; ; "
recreation and storm damage preventiorialréStoratlon projects.” However, the goal%f biodiversity, loss of spawning habitat,

which were already accounted for elsewhefd'd implementation of these projects, ..o extirpation of species.
in the study. have not followed any of the biological,
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Although zone widths and positionsof beaches in size e.g. width, depth armkason (Dugamt al. 2013; Hubbard
shown in Figure 1 can change rapidlyzone distributions, changing hourly withand Dugan 2003; Revel al.2011). In
ecological zones are useful in deciphewave and tidal exposure, and seasonaklyldition, climate change may accelerate
ing the impacts of coastal armoring orand on longer scales (Bird 1996; Hubbardrosion and alter the scope of physical
sandy beaches (Table 4) and can servesasl Dugan 2003; Yates al.2009). e  and biological dynamics of sandy beaches
better proxies for habitat loss than beachcope of changing beach area or width f¢Zhanget al.2004; Grigget al.2005; Flick
width alone (Dugan and Hubbard 2006)cross-shore adjustments, or “ecologicand Ewing 2009; Schoemeinal.2014).
Upon construction, the footprint of a envelope” that allows animals such a®uantifying and valuing all the elements
coastal armoring structure covers andhvertebrates, shes, marine mammalsof fully functional beach ecosystems
directly occupies beach habitat resultingnd birds to adapt to changing beachvith con dence at the scale of individual
in immediate “placement loss.” Armoringconditions is integral to their survival.projects would require prohibitively
structures tend to increase the amounfEixing the shoreline with armoring expensive and time-consuming data
of erosion and the intensity of wavaeduces the scope for these “ecologicebllection and analyses beyond the scope
re ection, thus the dry upper areas of a&nvelopes” resulting in ecological impactef most property owners and coastal
beach decrease in width and ultimatelysee Figure 4, Dug&hal 2013). For these residents (Barbiest al.2011; Borj&t al.
disappear under waves (Fletchedral. reasons, the addition of bu ers, such ag014; Schlachet al.2014).

1997; Grigg®t al.2005). As placementthose used to extend the protection of For these reasons. in cases where a
loss and passive erosion cause declinesither sensitive habitats like wetlands '

overall beach widths in front of armoringare recommended for beach ecosysten%wfg:sltggt?:;;:;?gﬁzl:zv\?s:hfgafgblgr?r
structures, upper shore zones lose beach property

habitat disproportionately. is means qulogical costs _ owner to armor their property (s_ubject
habitat losses due to armoring are great As the_ c_;Ilmate shifts, organismgo mltlgatlon)_, we recommend using the
est and manifest rst in the Iandward-currently I|v!ng on sandy beachgg alongost of restoring a sandy beach ecosystem,
most beach zones. Organisms living i e coast will need to adjust to rising seeither on-site or nearby, as a simple
the upper beach zones and habitats a vels as well as ter_nperatures (S_choemand more robust valua.tlon_approach
most strongly impacted by the e ects of al..2014). ese adjustments can includefor mitigating _the gcologlcal}mpact.s of
shoreline armoring, but e ects extend tomoving Iandward as beaches retreatoastal_armorlng. is al_lternatlve avp|d_s
wildlife and lower in,tertidal s0nes (TabIeUpIand’ and moving poleward along theexpensive and compllcate_d guantitative
4) (Feagiret al.2005; Dugaet al.2008; coast to follow swtab!e temperaturesassessments of the ecological components
Dugan and Hubbard 2006, 2010b; Jaréntertldal species that live in the narronand functlons that may be altered or lost
millo et al.2012). Upper shore zoneé supmter_face between ocean and Iand_ aren a given stretch _of sanqy beach_ due
port >40% of the intertidal biodiversitypred'Cted to be more strongly and rapidijto shoreline armoring. This valulatlon
(Duganet al.2003) and represent Critical|mpr?1cted by climate chgnge thaq fullyapproach would allow greater consistency
habitat for foraging and nesting birds marine or fully terrestrial orgamsmsand accuracy than can be _achlgved
pupping and early life stages of marin Harley et al. 2006). In places. whgrewﬂh attempts to (_:onf|dently |dent|fy,
mammals, and beach-spawning she eaches have room to r_etreat, intertidaieplicate, and monitor the_Ipst ecological
such as California Grunion (Dugan an nd upper shore. organisms can folloeomponents of a speglflc st'retch of
Hubbard 2016; Martin 2015). e up he beach and suitable hgbltqts Iandwardandy begch. e latter is particularly
per zones also are the habitat require.'dowever much of the California coastlingproblematic for a beach that may have
by numerous endemic species of plant r_ocky, and many sandy areas _ha\bzeen altered years ear_ller and impacted
invertebrates, and reptiles (Dugan an fmteq scope for retreat, includingover a long perlpd of time (an_mt al. _
Hubbard 2016). Upper beach zones hav orelines that have been Qrmored an’dQl_l). Such a site may ret_am little of its
already been severely degraded as habi gse that_ are t_)acked by resistant naturafiginal character, yet it still represents

u s or cli s (Vitousek et al.2017). a coastal ecosystem lost to nature, but

and reduced in size in many areas of t one that mav have the potential for
California coast due to human activities ~ As discussed above, the ecologic habilitatior?/ (Dugan anpd Hubbard

(Dugan and Hubbard 2010a, 2016). Addicomponents and functions of sandy.
tional loss of this key habitat zone causéseaches are highly dynamic. For thi%?;?gb?%gam al 2010, 2012, Schooler
by coastal armoring will further frag reason, quantitatively evaluating the™ '
ment this fragile habitat and threaten itssandy beach ecosystem, by identifying THE PROPOSED VALUATION
biodiversity and populations of endemicand cataloging all components on a METHOD EXPLAINED
organisms (Hubbaret al.2014). given beach in detail is an expensive and e purpose of ecological valuation
time-consuming e ort that is di cult is to address impacts of human activities
evaluate with sufficient confidenceon natural ecosystems, in this case of
Ue to high variability in the biota andshoreline armoring on sandy beaches. A
he form of sandy beaches (Barbétr substantial proportion of the California
; . 2011; Borjaet al.2014; Schlachest coastline, especially the populous
and seasonal basis. Each species ta.y 008, 2014). All the key componentsouthern region, has been armored at
need a much larger potential habita S .
: N : f sandy beach ecosystems are capabliés time; therefore, areas available for
than is temporarily in use at any give . ; . - )

i of changing dramatically in the shortrestoration though possible managed
moment (Duganet al.2013). \is is a t i t limate, beadietreat projects already are limited in
key adaptation to the natural variability erm In response o wave climate, bea projects a y

conditions, population dynamics, andsome regionsdith improved and more

Importantly, the mobile animals that
live on sandy beaches can require lar
swaths of suitable habitat to adjust t
changing beach conditions on a dail
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comprehensive valuation methods the Quantifying ecological damages  vary with lunar tidal cycles, seasons,
immediate, future, and cumulative eloss of beach areais o0 en used for swell events, interannual cycles, and
impacts of shoreline armoring may behe calculation of sand mitigation andwith oceanographic conditions such
reduced and better mitigated for therecreation mitigation, and it could alsoas ENSO and PDO phases (Dugsdn
California coastline. potentially be used as a component afl. 2013; Revekt al.2011; Barnarat
the calculations of ecological loss valwal. 2017). Erosion and accretion rates
tion. However, there are concerns withuctuate with precipitation, wild res,
sing this approach for ecological valuwave energy, climate cycles, and other
1&%ion. e estimations of area lost must factors. With every shift of the tide
as a .rgsult .Of future developmg_nt wil onsider placement loss due to the areaahd swell, the mobile and o en cryptic
be .crm.cally important to the ability to the structure, the e ects of the structureanimals of beaches shi in location and
maintain, "".’?d In some areas to restorg, dynamic coastal processes, includingpeir estimated densities per unit area of
healthy resilient .bea(_:h ecosystems "’.Ilo'?IQe loss of the ability of the shoreline tdabitat will change dramatically (Dugan
the coast. In California current Val.uat'o.nretreat by xing the back of the beach, anét al. 2013). For these reasons, the use
methods emplqyeq by the Callformat e loss of sand storage and beach habit#t projections from long-term average
Coastal C_om_mlssmn evaluate loss ones to erosion during the lifetime ofrates of erosion or shoreline retreat may
sand, erosion Impacts, loss of beach ar%Re permit. e increased erosion of the not be very applicable or constructive for
and loss of recreation. These MeIC8e ach and the loss of ability to store sardktermining the actual ecological condi
do not_ adequately addr_es_s the IOSS. at can be caused by an armoring strugions or components on any given beach.
ecological value or functioning. For_ thlsture are not necessarily accounted for ilVe suggest that determining the speci c
purpose,we strongly.suggest treating o average erosion rates currently usestological conditions and services of a
sandy beaches as tidal ‘\‘Netlands, a,r,] y the California Coastal Commissionbeach will not be su ciently accurate or
appIymg the concept of "no net Ipss e loss of ecological zones over time, precise for valuation purposes without
to.the|r preservation and restoration. in particular the disproportionate lossconsiderable study and e ort.
W.'t.h th's approach., We propose thatof vegetated and upper beach zones and
mltlgatlpn for armoring prOJects COUIQ biodiversity relative to lower beach zones . :
be .achleved py ecological restoratiof .o s to be addressed in loss calculatiol r_the restoration apprc_)ach to valuation
projects of swtgble scope on beacheE:OSS of area currently or potentially used th_e ecological functions, goods, and
either in the_ project area or on a r_learb or feeding, roosting, or reproduction ofServices of sandy beaches we propose
coastline, ideally in the same littora

i pere. Using the costs to restore beaches
cell and sand-shed. These ecologicgb

lldlife, particularly species of specia s functional ecosystems as the basis for
. . ) ncern, must also be recognized i y
restoration projects could include the
removal of existing or derelict armoring

mitigation e orts (Schlacher et al. 2014)m|t|gat|ng the loss of ecological value .Of
beach ecosystems caused by armoring

or infrastructure and other forms of Importantly, the highly dynamic rRa provides a viable approach to ecologi
managed retreat, as well as removinigre of the beach and biota are problemcal valuation that can be applied to the

barriers to littoral sediment transport. atic for an approach that relies on simpleynamic coastal ecosystem represented
the third type of California’s CEQAvaIue. If only a few metrics and estimates It is crucial tounderstand that
. available for use in valuation, then it is
environment) as well as the h type
and especially the potential for shorelin Uture adaptation or even recovery
approach optimistically assumes tha; aking accurate quantitative predictionso the coast accumulate over time as
and biological processes, biodiversity an%rmoring structures is fraught with chal adequately captured in per square foot
! sion rates for di erent ecological zones
reasonable habitat equivalency Wmécosystem with su cient con dence is
al. 2013; Revedt al.2011), makes using
self-repairing. Sand replenishment Okive sampling of the biota. e dynamics
this list due to the high ecological impactﬁqat on any given day measurements — eat a more appropriate, sustainable,
'numbers of shorebirds, or rates of watey
et al.1990). and sediment characteristics of beaché@teraCt freely with coastal processes

estimates of beach area and/or the uselnf sandy beaches.
mitigation as discussed earlier (repairingOf erosion rates and beach ecology a ouring concrete or placing rocks on
shore and eliminates the potential for
(replacing or providing substitute
rom low sand levels. e real impacts
well-designed restoration projects, Wit’tferosion and habitat loss rates for beacHY armoring structure interacts with
metapopulations, seeding, managemen metrics. e di culty of forecasting ero-
and high variability in beach width due to
natural sandy beaches in the same arggt only time-consuming and prohibi
beach area to estimate loss of ecological
beach lling projects are not included ONot the beach and its mobile biota mea
of this practice (Manninget al. 2013, it zone width, numbers of sand crabs 0zgnd robust way to mitigate for beach
Viola et al.2014) and the typically short ltration — will most certainly be di erent project would be to “free” another stretch
and evolve naturally over time. For these

No net loss
An approach that embraces “no ne
loss” of beach habitats or beach zon

ese concepts provide the rationale

Our proposed approach fits Intoa variety of biotic measures to calculate
rehabilitating, or restoring the impacted e beach habitat xes a line on the
critical to capture the coastal processes
resources or environments). Th'setreatinthe 20-year lifespan of a project.
attention to local and regional physica cosystems in front of newly installeacoaStal processesse impacts are not
o . . nges. Quantifying every crab, clam
and monitoring, can potentially prowdeworm sh, or bird of a dynamic beach
seasonality and other factors (Dugsatn
and littoral cell and be sustainable an vely expensive, it 0 en requires destruc
functioning problematic. We propose
2014; Petersomt al.2000, 2006, 2014 ecosystem losses from an armoring
lifespan of these projects (e.g. Leonar[ e next time they are measured Widtﬁ)f beach from armoring so it is able to
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reasons we suggest that shoreline lengtbpresents a simple and robust approagbrovide examples of replacement costs
may be the most reliable and defensible forecasting beach loss over time anidr California beach ecosystems using
way to quantify overall beach ecosystemaluation. Placement loss from thesstimates from recent beach restoration
loss over the life of an armoring structureinstallation of new armoring structuresprojects in California in Table 5 (Bat
We emphasize that “length of restored¢an be significant and should also b&lio 2015, updated for this paper; see
beach’ is in terms of beach with ecologicalccounted for in the valuation processalso e Nature Conservancy 2016). All
functions, which requires considerationFurther, any attempt to measure habitabf these projects involved restoration of
of other parameters such as width antbss by area of beach lost is likely tecological health and functioning as well
sediment, as well as allowing for futurénvolve legal and other disputes abouas improving the recreational qualities of
sea level rise. the actual width of the beach, since, dbe beaches. e dollar estimates in Table
Although the loss of beach habitat aredjscyssed previously, bggch vyidth varie'§ are f_rom the time of the construg:tion
over time can be challenging to estimat&gmﬂpantly and thus |t' is dlffICU|t. _to bid/estimate and have n_ot been adjus.t(_ed
for use in mitigation, the immediate IOSSgstabllsh a true beach width. In addlthnto 2_018 dO||§lI’ values. lee wetland.mm
of habitat area due té placement loss fror;]equests to armor a length of coastlingation and river oo_d plain restoration,
the structure is an additional Componentare most common orlready _eroded these projects requwgd removal of built
that should be added to the Shorelinshorellnes, Whlgh would have _Ilttle valu_eassets and construction of replacements
f measured using an ecological metri€arther landward. Hence, these projects

:jeipegcttT Ccﬂsgrlggoﬁ ) ;Zeiniﬁﬁa(t)i;r?%?z ased on area. represent a “managed retreat” strategy
shore—y arallel armi)rin structure, such Mitigati i to adapt to erosion and future sea level
as ascfawall orarevet%ent or IécementR - :jon g I(I)St jgse. Retreat distances ranged from 50
X ) ; OF Pi esource and regutatory agenci€g.; i, 150 feet. ese projects also pro
loss, is a straightforward calculation thatisually require the restoration of, ; : :
s i : g . ide recreation, hazard reduction, and
is likely to be part of the engineeringadditional habitat acreage beyond th ther b ts includi touts f
study for any new armoring structurelost directly through development er bene Is including ouipus from
application. This initial impact of the This is b finterim | -elements located landward of the restored
pplice : P IS IS because of Interm 10SSes 1@q,0hag, Consequently, if one applies an
footprint of the structure is strongly habitat acreage and functional capaC|t¥J ¢ h t be taken t
in uenced by the structure type. As anand the uncertainty of the succes SE approact, care must be taxen o
. ) : 3void counting some bene ts, such as
example, a revetment built to currentlyand resulting value of compensator¥ . .
i . o . ; ! ecreation, twice.
accepted design standards will need tmitigation projects. e ratio of habitat
have a width to height ratio of at leastreated or restored, to the habitat lost to e costs of these restoration projects
1.5:1 or 2.1:1 to be able to maintaidevelopment, is termed the mitigationare quite high ranging from $2,000 to
structural integrity during strong stormsratio. We proposed that beaches b$50,000 per linear foot or $1 million to
(Griggs and Fulton-Bennett 1988). us, treated similarly to the way that many$200 million per acre. e cost of the
a revetment that is 15 feet high will-im policies and jurisdictions treat wetlandsshoreline restoration projects in our case
mediately cover about 30 feet of crog€€CC 2015). In the U.S. and many othestudy vary by project and include many
shore beach habitat. A seawall at the sareuntries, the loss of wetlands is o erfacets, e.g. private property acquisition
location would cover much less crosaitigated by using offset ratios—for(Ocean Beach Master Plan, Paci ca State
shore habitat, ~6 feet. every loss of existing wetland habitaBeach), removal of existing infrastructure
displaced by a project, (e.g. 1 acre) orfevery project cited in our case study),
e placement IO.SS cau_sed _by a NewW nust mitigate by creating new wetlandsind dune restoration (Pacifica State
structure has an immediate impact on . . . \ . N
. ; : using an offset ratio determined byBeach, Surfer's Point). e acquisition
habitat and disproportionately a ects the : " : L .
. ; -~ “a number of economic, political andof coastal property in California is quite
upper shore habitats with negative-im ; . ; . . .
acts on overall biodiversitv. birds. sh ecological considerations. O set ratios ohigh and how to incorporate these costs
gnd ecosvstem function ey'estiméted’?’:l or 4:1 are not uncommon for wetlandss controversial. In cases of retreat, it may
Iacemen)tl loss of these.two tvoes of given that restored wetlands o en havanake sense to value the land being lost as
Fnorin structures fora50—foot)§retch ofower ecological functioning than thea “taking” in many legal settings. However
coastl?ne would vield a footorint of 300 original ecosystems. e exact mitigation coastal armoring is typically proposed
for the seawall \3//3 1 SOE)fOFr) the revet ratio applied has political as well as atp avoid losing inland property at the
ment. a vefold di ére'nce in the immedi economic and ecological aspects, b@xpense of coastal EFGS. Consequently,
ate Idss of beach habitat. Over time botthe basic principle of most o sets is thain our restoration cost approach, the
' '~ newly restored habitat provides lowerelevant land acquisition costs are the
types of structures would cause morg . AN
siani cant beach habitat losses by xin FGS than older established ecosystengsts of land acquisition in the restora
9 . . Y XIN%3nd thus an o set ratio greater than 1:%ion projects proposed as mitigation. In
the shoreline and generating erosion. . ; .
iS necessary. the cases cited, the land used was a mix
In summary, since any coastal Restorati ‘ of publicly and privately owned land. e
armoring structure prevents natural ers] orar:on Cgs S loned h costs presented only include the costs
retreat of the shoreline and limits a beach’s elapproz_ac wel ave e\t/e opte Ereof acquiring private property for the
ecological functioning and dynamics ovef VO V?? uf'ng reptgace?enthcos Ias a S}!Broject. A policy-maker may also want
the lifetime of the structure, we suggesr{' cant factor in estimating the values Oly, /51 the potential loss in public land
that using an approach based on th Or other uses. ese costs also do not

linear feet of armoring to be installe FGS) prov.ided by sa_ndy be""Ch'ec?nclude any future costs of maintenance/
systems. To illustrate this approach, we
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7TDEOH
5HFHQW EDFNVKRUH EHDFK DQG GXQH UHVWRUDWLRQ FRVWV LQ &DOLIRUQLD

Year

FRQVWUXFWHG &RVW OLQHDU %HDFK GLPHQVLRQV DSSUR
BURMHFW QDPH HVWLPDWHG PLOOLRQV IRRW 0 DFUH /HQJWK IW LGWHI
3DFL,FD 6WDWH
%WHDFK 3DFL¢FD

6XUIHUV 3RLQW
9HQWXUD

6RXWK 2FHDQ %HDFK
San Francisco %

Goleta Beach, Santa Barbara County
*ROHWD
JLUVW FRVW *ROHWD
\HDU FRVW *ROHWD

&RQVWUXFWHG EDFN EHDFK DQG GXQH UHVWRUDWLRQ ODQGZDUG UHORFDWLRQ R
2) Constructed back beach restoration and landward relocation of public development.

30DQQHG VKRUH DQG EDFNVKRUH UHVWRUDWLRQ UHTXLULQJ URDGZD\ UHDOLJQPH

lower estimate (B) does not include a seawall to protect a wastewater facility, a stormwater treatment wetland and street car

extension.

B3URSRVHG EDFNVKRUH UHVWRUDWLRQ DQG SDUN UHFRQ¢{¢JXUDWLRQ SURSRVHG LQ
EXW QRW LPSOHPHQWHG *ROHWD KDG UHGXFHG UHVWRUDWLRQ DQG GLfHUF

DOORZDQFH IRU RQJRLQJ VDQG SODFHPHQW DV DQ DGGLWLRQDO FRVW QRW LQFOX

6RXUFH %RE %DWWDOLR 3( )LOHV UH ;QHPHQW RI GDWD SUHYLRXVO\ SURYLGHG WR WKH 6WD

8SGDWHG YHUVLRQ &RS\ULJKW %RE %DWWDOLR <« IRU SRVWLQJ E\ &DOLIRUQLD 6KRUH DQG

. _____________________________________________________________________________________________________________________________________|]

preservation/monitoring, which could problematic with coastal armoring 2) A significant component of the

also be signi cant. precisely because it is typically appliedconomic valuation metric should

In addition. we su estalinearmetriéo an already eroded beach. Howeveaddress replacement cost of functional

instead of a;n areg?based one. as &Y analysis of mitigation for coastabeach ecosystems.
: : ’ érmoring that ignores the length of

typically used for many environmental . . . .S 3) Replacement costs should be based
. : . the coastline that is being eliminated : ,

projects. e use of a linear metric has on the costs of actual restoration projects

.effectively forever by armoring, may, o
numerous advantages for the dynam'%eriously underestimate the losses gﬁatfully restoregdigni cant sandy beach.

habitat of beaches, particularly whe . . o
applied to coastal armoring projects. Firs cological value. Coggl;y_crgﬁr?]riz,s%un(:hn?; tg?sga\:\l/];gamti

of all, since these cases are frequently In adaptation planning, it is common i ize beach ' dy ther tal
litigated, in California and elsewhere, @0 set aside portions of the coastlin€? egotrlze beac €s and o Z cpafz
linear metric does not lend itself to legajagain typically measured in Iength)ggcés_ﬁsoﬁqr?satggypgéﬁg'&ivlfe'dorg'lz?f '
dispute — indeed the applicant musfor armoring/development and parts of ’ '

disclose the length of armoring projectthe coastline for retreat or some hybridl.)aCked’ adjacent to estuaries, efc.) in

e width of the beach, however, is highly When analyzing the economic bene tso.rder ;[obpreservc? a w![dle vanetty Of_
disputable, exactly because beaches aral costs, the ecological loss of beachg:ﬁ,?éfgm ressctor:?ioncz?)ifmeectcr)ii?aerTjS,
dynamic ecosystems. In litigation, beacbther than recreation or :storm—damagedi erent o set ratios mav potentially be
width is o en disputed; the length of thebene ts, are frequently overlooked. When lied to di erent t eyspof coastI)i/nes/
coastline is rarely in dispute. they are included, the standard practic Egch habitats Poligp—makers mav wish
Second, coastlines are usually,>S" 10 use a measure based on are take other fa.ctors ir{to account ag well
measured ir,1 terms of length, so the hich necessarily provides low and IIkeIéuch the restriction of natural sediment’
- $haccurate values for already erode
length of coast may be as important

. . %horelines, particularly sandy beache8 0C€SS€ES IN the area (due to dams,
contributor to market price as acreag

. IOur case study results recommend th and mining or qther human actiyities).
of the coastal property. Despite th|§then mitigating against loss or wheq owever, we believe one of the virtues of
g

logic, many estimates of the ecologic he method suggested in this paper is its

; aluating loss of beaches in adaptation = .~ ;
value of coastline depend upon area an anning (e.g. for sea level rise) th implicity, and regulators should weigh
ecological bene ts are o en determined’ g (€.g.

. S ; e benefits of added factors against
by value per acre. One problem with thifg(;llsjvxlsngoﬁgligglrg[[?c)sn.shouId be 9VeNine regulatory and legal costs of a more

approach is that parts of the coastliné complex regulatory environment.
that are naturally narrow, or have been 1) e length of coastline lost to a pro

made narrow by erosion, armoring orposed seawall or other structure should MITIGATION BANKING
other coastal development, receive vellye a signi cant parameter in the evalua
low or no valuation. is is particularly tion of ecological loss.

Mitigation banking is a common
method for mitigating loss of wetlands
and other natural resources. In a very
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broad sense, a mitigation bank acts as aontributes to the important ecosystem between applicants and regulators over
intermediary, matching up mitigation functions of beaches including bu ering the “correct” beach width — since beach
losses with mitigation gains, and applyingipland areas from wave energy duringwidth varies by season, storms, years, and
some established criteria, generally astorms, but it also poses challenges foother factors. e economic and political
offset ratio. In the U.S. governmentvaluing beach ecosystems. Itis preciselgcience literature on regulation gener
established the practice of mitigatiorthe dynamic nature of beaches thatally favors simple transparent regulations
banking in the Clean Water Act (Sectiormake their ecological value di cult to over more complex ones (e.g. see Posner

404), and many other jurisdictions alsevaluate. 1974). Busy policy-makers o en do not
use mitigation banking schemes (U.S. First beaches are often primaril have time to collect data or evaluate ex
EPA 2018). ’ P y pert analyses submitted by applicants to

evaluated in terms of recreational or
For beaches and other coastal ecosygorm-bu ering value, with less atten
tems, mitigation banking could be -ap tion paid to many other vital ecological
plied to loss of shoreline due to armorindunctions and services provided by
or other coastal development, and alsbeaches. A mitigation approach for
to compensate for loss of shoreline dueoastal armoring of beaches based solely While it is relatively common to
to climate change impacts. A mitigationon recreation necessarily ignores otherapply dollar-based estimates to the
bank would generate credits througrEFGS provided by beaches and impliegecreation and storm damage prevention
restoration projects or through improving that many beaches have little intrinsic bene ts of beaches, estimating the dollar
coastal management practices (e.g. elimialue, at least in the types of bene t/costbene ts of other ecological services and
nating beach grooming). Any coastahnalyses o en employed in adaptation functions is much less common, and,
development that degrades coastlinedtudies. in practice, these services are o en not

shoreline habitats would be required Second. exactly because beach Widtrilncorporated into bene t/cost analyses.
to pay into the bank either in terms of. ' y

dynamic, the width/area of a beach is > in turn makes it more di cult to
sponsoring a local coastal developmerjﬁ‘ y ' . . develop strictly economic arguments for
: : 0 en a poor metric for evaluating beach . ;
project, or by funding an array of otherecOS stem function. Al too frequentl preservation of these important coastal
i Y i 9 Y, ecosystems. Much like tide pools, kelp
forests, and coral reefs, beaches are

projects in the area. In general, the miti
intimately connected with other marine

gation should occur as close to the initi
environmental impact as possible. Fo
and terrestrial habitats. The premise
at the value and benefits of intact

beaches, a jurisdiction may require miti

gation within the jurisdiction or within

the littoral cell. Recreational bene ts o beach ecosystems are far greater than a
any proposed mitigation project could . . : sum of the parts can be used to support
also be incorporated into the analysisv,vIdth prareawil resultinlowestmated approaches that maintain entire beach
though we believe these should be aXa'“e- ecosystems and their many functions
counted for separately. Perhaps because of beaches’ dyand services.

namic nature, or perhaps for other

All mitigation banking relies on o set reasons. beach ecosvstems are less w
ratios, o en in units of area (e.g. acres). ' y Sll‘lten be politically controversial, it

For loss of coalste and shoréne, we understood and monitored than many makes sense to consider alternative
suggest that a linear metric be applieather types of cchastaI ecostystems.t A?nitigation methods. For wetlands,
with an o set ratio and that th&ull cost ? cgnseguence, ev(\j/_lecosyls §|m gne ”C(iwitigation banking is a common practice.
of shoreline restoration be included. is 'O Pcacnes are readlly avaliable beyong projects must pay into or submit
o en includes property acquisition and recreation and storm bu ering. .HOW proposed projects to o set the negative
removal of existing infrastructure, as welf VE" only accounting for recreation and impacts for a proposed development.
as coastal restoration (e.g. dune restorgitorm b” ering Of. be_aches ignores the These mechanisms are often seen
tion). A mitigation bank may also Wamprecautlonary principle. Just becagseas practical since they actually fund
to consider the di erent types of beach'© do not understand these ec°|og'calecological preservation. Some economists
morphology (e.g. wave-dominated, tide_component_s and EFGS today, does nOtand environmentalists have proposed
dominated, dune-backed, blu backed),mean we will not nd them valuable and a “Cap and Trade” system, where new
loss of speci ¢ types of beach habitat (e.g! cult to replace later. armoring projects must be offset by
snowy plover), etc. Mitigation banks may To better characterize these edgepurchasing someone else’s right to armor
also want to consider issues within a litecosystems whose habitat area andvithin a littoral cell or jurisdiction (e.g.
toral cell such as reduced sand supply (efgatures vary strongly over time, our see Colgan and Newkirk 2016). However,
due to ood control). approach also suggests that shorelingdhese schemes must also consider that
SUMMARY OF Iengthbg _con_sidered as a key pa_rametel_beach and other ecosystems that are as
POLICY IMPLICATIONS when mitigating for beach loss. isnot  intact as possible are more valuable than
At the boundary of land and sea sandonly simpli es calqulatlons, it prowde_s those perforated by armoring or other
beaches are edge ecosystems c,harac pore robust estimate .of the potential development.
ized by intense dynamics in habitat are%?lue of al beach over time. In _the ;:ase
key features, and biota. is plasticity coastal armoring, a mitigation fee
based on length also avoids dispute

justify mitigation. In practice, applicants
also have a strong incentive to underes
timate the ecological damages created by
armoring.

l?eaches with low recreational and storm
u ering ability receive no or low valu
ation. Armoring is most o en proposed
once a beach has already eroded to
TJooint where any measurement of eco
logical function and services based on

Since using high dollar values can

A “no net loss” policy for beach
secological functioning can also help
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